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Background: This study investigated the number of pedometer assessment occasions required to establish habitual
physical activity in African American adults.
Methods: African American adults (mean age 59.9 ± 0.60 years; 59 % female) enrolled in the Diet and Physical
Activity Substudy of the Jackson Heart Study wore Yamax pedometers during 3-day monitoring periods, assessed
on two to three distinct occasions, each separated by approximately one month. The stability of pedometer
measured PA was described as differences in mean steps/day across time, as intraclass correlation coefficients (ICC)
by sex, age, and body mass index (BMI) category, and as percent of participants changing steps/day quartiles across
time.
Results: Valid data were obtained for 270 participants on either two or three different assessment occasions. Mean
steps/day were not significantly different across assessment occasions (p values> 0.456). The overall ICCs for steps/
day assessed on either two or three occasions were 0.57 and 0.76, respectively. In addition, 85 % (two assessment
occasions) and 76 % (three assessment occasions) of all participants remained in the same steps/day quartile or
changed one quartile over time.
Conclusion: The current study shows that an overall mean steps/day estimate based on a 3-day monitoring period
did not differ significantly over 4 – 6 months. The findings were robust to differences in sex, age, and BMI
categories. A single 3-day monitoring period is sufficient to capture habitual physical activity in African American
adults.
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National data indicate that most Americans do not en-
gage in the recommended amount of regular physical ac-
tivity (PA) [1,2]. Low levels of PA have been shown to
be associated with chronic disease, such as diabetes, car-
diovascular disease, and certain cancers [3,4]. Most of
the conclusions in these studies were based on self-
reported PA. However, with the advent of personalized
motion detecting devices (e.g. pedometers, acceler-
ometers), research has shifted towards re-examining PA
levels using objective measures. Despite the fact that re-
search consistently shows that African American adults* Correspondence: Catrine.Tudor-Locke@pbrc.edu
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reproduction in any medium, provided the orengage in low levels of self-reported exercise [5,6] and
have low levels of physical fitness [7,8], very little object-
ive data exist on PA behaviors in African American
adults [9,10]. This lack of objectively measured habitual
PA limits our ability to confirm findings [11-13] or illu-
minate the true relationship between PA and chronic
disease in African American adults [14]. In this popula-
tion, health outcomes such as diabetes, hypertension,
cardiovascular diseases (e.g. coronary heart disease,
strokes) and certain cancers are of paramount import-
ance because they are considered principal sources of
health disparities [15-19].
Several studies have objectively assessed PA in African
American adults via pedometry [20-25]. The average
daily step count in these studies has ranged from 4,355
[23] to 7,654 steps/day [24]. According to Tudor-LockeLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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categorized as sedentary on average (i.e., taking< 5,000
steps/day) in two [23,20] of the five referenced studies,
and in none of the five would they be classified as active
(i.e., taking ≥ 10,000 steps/day). Data in all but one [25]
of these studies in African American adults were derived
from a single assessment occasion (i.e., multiple days of
monitoring over a single brief interval of time) spanning
three days [21] to two weeks [23]. However, there are
no data in the current literature to indicate that a single
assessment occasion is sufficient to provide a reliable es-
timate of habitual PA in African American adults.
Assessment of PA by pedometry is reliable and accur-
ate [27,28]. However, Kang et al. [29] have suggested
that numerous (and randomly selected) assessment occa-
sions are necessary to establish a precise estimate of ha-
bitual PA, although these conclusions were based on
modeling the number and patterns of single day values
against a year-long average criterion. Specifically, these
researchers concluded that a minimum of 30 consecutive
days or 14 randomly selected days throughout the year
were necessary to ensure valid (i.e., relative to the year-
long average) and stable estimates of habitual PA [29].
However, longer and more complex monitoring periods
are burdensome to both study participants and research-
ers, and therefore, shorter assessment periods are desir-
able in pragmatic research. Tracking of PA across
multiple, short, assessment occasions may be a better ap-
proach to evaluating habitual PA compared to a single,
extended assessment period. In two clinical studies
[30,31], a 3-day monitoring period (any combination of
days in a week) provided stable estimates (Intraclass Cor-
relation Coefficient (ICC) ≥ .80) of PA obtained over the
course of the full week. However, the longer-term stabil-
ity of a 3-day monitoring period is not known.
To date, no study has attempted to characterize the stabil-
ity of habitual PA in an African American adult population.
The Jackson Heart Study (JHS) [32], an epidemiological
study of cardiovascular disease in African American adults,
provides an ideal opportunity to accomplish this goal. The
JHS enrolled 5,301 adults, of which a subset of participants
wore pedometers for a 3-day monitoring period (consecu-
tive days) on two to three distinct occasions, each separated
by approximately one month [33]. The current analyses
used data from the JHS to assess the stability of pedometer-
determined estimates of PA. Conclusions will inform the
appropriateness of using a single assessment occasion in fu-
ture studies that examine relationships between PA and
health outcomes in this population.
Methods
Jackson Heart Study
The JHS is a longitudinal population-based study designed
to study novel causes of cardiovascular and other chronicdiseases in African American adults [32]. Between 2000
and 2004, 5,301 African American men and women be-
tween the ages of 21 and 95 years were recruited from the
Jackson, MS metropolitan statistical area, including Hinds,
Madison, and Rankin counties. Recruitment details have
been described elsewhere [34]. Three academic institu-
tions have collaborated on the project, including Jackson
State University, the University of Mississippi Medical
Center, and Tougaloo College. The research was approved
by the Institutional Review Boards of the University of
Mississippi Medical Center, the Jackson State University,
and Tougaloo College. All participants provided written
informed consent.
Participants
The participants for the current analysis represent those
who agreed to wear pedometers as part of the Diet and
Physical Activity Substudy (DPASS) of the JHS [35]. The
DPASS was designed to validate the dietary and PA
instruments that were utilized in the JHS.
Anthropometrics
Body mass index (BMI). Height was measured without
shoes and recorded to the nearest centimeter. Partici-
pants stood with their feet together and head held in the
Frankfurt plane. Weight was measured on a balance
scale, in light clothing, without shoes, and recorded to
the nearest 0.5 kilogram. BMI was calculated as weight
in kilograms divided by height in square meters.
Pedometer assessment
As mentioned above, pedometer-determined PA was
assessed as part of the DPASS. The DPASS involved five
clinic visits in which participants completed both dietary
and PA recalls (Table 1). A week before their second sched-
uled clinic visit participants were mailed a Yamax SW-200
pedometer (Yamax Corp., Tokyo, Japan) and instructed to
wear it at their waist, attached to the waistband of their
clothing or belt for a 3-day (consecutive) monitoring
period. They were also mailed a step log to record daily
steps at the end of the day. Participants were asked to reset
the pedometer at the beginning of each day and to remove
it only at night for sleeping or for water activities, such as
bathing or swimming. Participants were also instructed to
record times when the device was not worn. Participants
returned the log and the pedometer at the subsequently
scheduled clinic visit. This procedure was repeated for a
maximum of three separate pedometer assessment occa-
sions. Each of the DPASS clinic visits was separated by ap-
proximately one month.
Statistical Analysis
This analysis focused on tracking of pedometer-determined
PA, and therefore, participants must have completed at










































































†Pedometers were only worn during this one month time frame if pedometer data had not been collected during the previous three clinic visits.
{Pedometer data were only collected during this visit if pedometers were worn the three days prior to this clinic visit.
DPASS: Diet and physical activity sub-study.
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occasion was defined as having all three required days of
pedometer data. There were 481 participants with pedom-
eter data. Data from any participant who had< 500 steps
per day were removed from the analyses. This resulted in
91 participants being excluded due to a lack of any valid as-
sessment occasions. Another 115 participants were
excluded because they only had a single valid assessment
occasion. An additional 5 participants were excluded be-
cause of missing sex, age, and/or BMI data. After these
exclusions, a total of 270 participants had usable data for
the purposes of the current analyses. Of the total analyzable
sample, 137 participants had two valid assessment occa-
sions and 133 had three valid assessment occasions. Steps/
day was averaged across the 3-day monitoring period for
each assessment occasion. It should be noted that 46 % of
the participants with two valid assessment occasions, and
44 % of the participants with three valid assessment occa-
sions wore the pedometer on at least one weekend day
across the assessment occasions.
Stability in steps/day was assessed in several ways. First,
the average steps/day was compared across assessment
occasions using a paired t-test for those with two valid as-
sessment occasions, and repeated measures ANOVA was
used for those with three valid assessment occasions. Sec-
ond, separate ICCs were calculated by number of valid as-
sessment occasions, as well as by sex, age (age≤60 years
vs age> 60 years), and BMI (BMI< 30 kg/m2 vs BMI≥30
kg/m2) categories. The median value was used to
dichotomize age groups, and BMI was dichotomized at
the value used to define obesity (BMI=30). ICCs were
used to quantify the tendency for a participant’s steps/day
to be the same when measured on different occasions and
thus to assess PA stability across assessment occasions.
The variability in steps/day can be expressed as the sum,
vb+ vw, where vb is a component of variability attributable
to differences among occasions, that is differences from
occasion to occasion, and vw is a component attributable
to variability among participants within occasions. The
ICC can be expressed as the proportion vb/(vb+ vw) with
possible values ranging from 0 to 1. The minimum ICCvalue (complete instability) is realized when all the variabil-
ity is attributable to within participant variance, i.e., vb = 0,
vw> 0; and the maximum value (complete stability) is rea-
lized when all the variability is attributable to among occa-
sion variance, i.e., vb> 0, vw=0. Malina’s [36] criteria for
strength of the ICC were used as a guide in interpreting
observed ICC values: ICC values< 0.30 indicated weak sta-
bility; values 0.30 – 0.59 indicated moderate stability;
values≥ 0.60 indicated moderately high stability. Relatedly,
the changes in steps/day in absolute values were calculated
and expressed in percentage for each individual. The med-
ians were reported for this variable due to skewness of the
data. For two valid assessment occasions, the percentage
was calculated as the absolute difference between the
mean steps/day for the first and second valid assessment
occasions and dividing by the mean steps/day for the first
assessment occasion. For three valid assessment occasions,
a similar calculation was performed for each of three
changes (i.e. mean steps/day for valid assessment occasion
2 to 1, 3 to 2, and 3 to 1) and the average was utilized.
Third, a descriptive approach was used. The participants
were divided into quartiles based on average steps/day.
Participants who remained in the same quartile across the
valid assessment occasions were considered ‘stable’, those
who switched one quartile were considered ‘moderately
stable’, those who switched two quartiles were considered
‘moderately unstable’, and those who switched three quar-
tiles were considered ‘unstable.’
The following power analysis was based on a one sample
t-test (time 1 vs follow up) design. Using a standard devi-
ation of 3000 and an alpha of .05 one should have 85 %
power to detect a change of 550 steps, if 390 subjects at
baseline, assuming 30 % incomplete data. Similarly, one
should have 83 % power to detect a change of 1100 steps
for analyses by gender and by BMI group. All analyses were
performed in SAS 9.2 (SAS institute, Cary, NC).
Results
Descriptive characteristics for the participants are pre-
sented in Table 2. There were no differences in age and
BMI between participants in the various assessment
Table 2 JHS DPASS (n = 270) participant characteristics by number of valid assessment occasions
Variable Number of valid assessment occasions
One Two Three
Men 37.4 % 38.7 % 44.4 %
M±SE Min Max M±SE Min Max M±SE Min Max p
Age (years) 60.1 ± 0.88 39.0 80.0 60.5 ± 0.82 37.0 77.0 59.3 ± 0.88 37.0 81.0 0.57
BMI (kg/m2) 31.8 ± 0.65 20.2 65.1 31.0 ± 0.65 18.3 64.3 29.9 ± 0.45 16.0 45.1 0.087
Steps/day 4761.1±297.1a 652.7 15273.7 5327.8±259.4a 827.7 20304.8 6671.3±322.2b 1424.7 22478.7 <0.001
Note: A valid assessment occasion was defined as having all three days of pedometer data. BMI = Body mass index.
Values with dissimilar superscripts are significantly different from one another.
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with three valid assessment occasions compared to those
with one or two. The overall mean change in steps/day
for participants with two valid assessment occasions was
−26.5 (95 % CI: –560.3, 507.3) and was 203.0 (95 % CI:
–276.4, 682.4) for those with three valid assessment
occasions. Table 3 shows that steps/day means did notTable 3 Mean steps/day and percent change in absolute valu
three valid assessment occasionsa




137 5341 ± 282 5315 ± 303 N/A
Sex
Male 53 6141 ± 505 5818 ± 479 N/A
Female 84 4837 ± 322 4997 ± 389 N/A
Age
≤ 60 60 5995 ± 470 6433 ± 499 N/A
> 60 77 4831 ± 334 4443 ± 344 N/A
BMI
< 30 73 5571 ± 399 5513 ± 465 N/A




133 6636 ± 351 6539 ± 351 6839 ± 351
Sex
Male 59 7638 ± 604 7384 ± 604 7622 ± 604
Female 74 5837 ± 394 5866 ± 394 6214 ± 394
Age
≤ 60 69 7604 ± 540 7442 ± 540 8240 ± 540
> 60 64 5591 ± 393 5566 ± 393 5328 ± 393
BMI
< 30 69 6834 ± 495 6812 ± 495 7247 ± 495
≥ 30 64 6422 ± 450 6238 ± 450 6399 ± 450
aA valid assessment occasion was defined as having all three days of pedometer da
Note: Paired t-tests were performed for participants who had two valid assessment
three valid assessment occasions. JHS: Jackson Heart Study. ICC: Intraclass correlatiodiffer significantly between valid assessment occasions
for the overall sample or within categories of sex, age, or
BMI, for either two (all p values> 0.234) or three valid
assessment occasions (all p values> 0.097). The overall
ICCs for two and three valid assessment occasions were
0.57 and 0.76, respectively, indicating moderate and a








−26.5 (−560.3, 507.3) 35.4 (20.9, 63.4) 0.922 0.57
−322.6 (−1283.7, 638.5) 35.4 (20.3, 60.0) 0.504 0.53
160.3 (−477.9, 798.6) 34.9 (24.4, 66.8) 0.619 0.60
437.4 (−467.5, 1342.3) 35.9 (15.4, 64.3) 0.337 0.56
−387.9 (−1031.4, 255.5) 34.5 (23.6, 62.6) 0.234 0.54
−57.8 (−766.2, 650.6) 30.2 (17.8, 63.0) 0.871 0.67
−9.2 (−819.7, 838.2) 44.5 (26.4, 63.8) 0.982 0.43
203.0 (−276.4, 682.4) 29.9 (20.6, 44.6) 0.456 0.76
−15.2 (−736.3, 705.8) 31.3 (20.4, 41.5) 0.737 0.82
377.1 (−273.0, 1027.1) 28.5 (20.7, 48.0) 0.445 0.65
635.8 (−130.1, 1401.7) 26.0 (17.9, 48.8) 0.097 0.76
−263.6 (−817.4, 290.3) 31.6 (23.3, 42.6) 0.583 0.74
413.1 (−257.3, 1083.5) 29.6 (20.2, 43.0) 0.361 0.77
−23.4 (−719.1, 672.2) 31.0 (21.2, 44.6) 0.851 0.76
ta.
occasions. Repeated measures ANOVA were performed for participants with
n coefficient. BMI = Body mass index.
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within categories of sex, age, and BMI status ranged
from 0.43 to 0.60 for two valid assessment occasions,
and 0.65 to 0.82 for three valid assessment occasions.
The median of the overall percent change in absolute
values for those with two valid assessment occasions was
35.4 % (Q1: 20.9 %; Q4: 63.4 %) and ranged from 30.2 %
to 44.5 % for participants differing in sex, age, and BMI
status (Table 2). The median of the overall percent
change in absolute values was 29.9 % (Q1: 20.6 %; Q4:
44.6 %) for participants with three valid assessment occa-
sions, and ranged from 26.0 % to 31.6 % for participants
differing in sex, age, and BMI status. All of these values
were significantly different from 0 (p values< .001).
Figure 1 illustrates the quartile analysis. Approximately
85 % and 76 % of the participants with two and three
valid assessment occasions, respectively, were at least
“moderately stable” (remained in the same steps/day
quartile or changed one quartile across time) in their ac-
tivity. The proportion of participants who became more
active was equal to the proportion who became less ac-
tive for both two (p = .636) and three (p = .710) valid as-
sessment occasions.Discussion
The analyses of the JHS DPASS data show that a single as-
sessment occasion comprising a 3-day monitoring period
of pedometer-determined steps/day provides estimates ofFigure 1 Stability/instability in steps/day for JHS participants
with a) two or b) three valid assessment occasions. Legend:
Participants who remained in the same steps/day quartile across the
valid assessment occasions were considered ‘stable’, those who
changed one quartile were considered ‘moderately stable’, those
who changed two quartiles were considered ‘moderately unstable’,
and those who changed three quartiles were considered ‘unstable.’PA that are reasonably stable across 4 – 6 months. This
was illustrated by the moderate to moderately high ICCs,
the fact that between 76 % and 85 % of participants were
‘moderately stable’ or ‘stable’ in their behavior, and that
there were no significant differences in mean steps/day
across assessment periods. These findings are consistent
with those reported in a study of pedometer tracking of
steps/day in Australian adults, which utilized a 7-day mon-
itoring period and assessed stability in mean steps/day over
one year [37]. In addition, the current study revealed that
mean steps/day was reasonably stable within different sex,
age, and BMI categories. Although confirmation is needed
with larger and more diverse populations, our results sug-
gest that, in the absence of interventions to increase PA, a
single shorter (i.e., three days) and less burdensome assess-
ment period can be confidently utilized to provide a rea-
sonably stable estimate of habitual PA over a period of
several months.
Our results extend previous reports demonstrating that a
3-day monitoring period accurately reflected activity over a
week [30,31] by showing that it provides a reasonably stable
estimate of habitual PA over a period of 4 – 6 months.
However, there were some differences between those who
completed two versus three valid assessment occasions.
First, steps/day was lower in participants with only two
valid assessment occasions. It has been shown that indivi-
duals who are inactive tend to wear activity devices for a
fewer number of days and for fewer hours per day com-
pared to those who are active [38]. Second, the ICCs were
generally lower in participants with two (overall ICC=0.57)
compared to three (overall ICC=0.76) valid assessment
occasions. Thus, between 57 % and 76 % of the total vari-
ability in steps/day is attributed to differences among occa-
sions, with the remainder (about 25 % – 40 %) being
attributed to natural shifts in PA patterns within the parti-
cipants. This is consistent with the fact that the individual
variability was within this range (overall percent change in
absolute values ranged from 29.9 % to 35.4 %). The lower
ICC values indicate that PA may not track as well in those
completing two versus three valid assessment occasions.
However, in those completing two valid assessment occa-
sions, there were no significant differences in mean steps/
day across time and a high proportion (>75 %) were at
least ‘moderately stable’. These results suggest that mean
steps/day provide an accurate depiction of participant’s per-
sonal habitual PA behaviors.
As noted above, previous studies of pedometer-deter-
mined steps/day have demonstrated that African Ameri-
cans take an average of between 4,700 – 7,600 steps/day
[20-25], whereas the current study provides slightly
higher estimates (5,300 – 6,800 steps/day). Together,
these estimates reveal that the average steps/day for African
Americans are indicative of either a sedentary (< 5,000
steps/day) or low active lifestyle (5,000 – 7,499 steps/day)
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study averaged≥ 7,000 steps/day, a threshold that has re-
cently been shown to be indicative of accumulating 150
minutes/week of moderate to vigorous physical activity
(MVPA) [40]. These JHS data are also consistent with
other objective PA data [9,10] (which show prevalence of
regular MVPA ranging from 1 % – 38 %) and self-reported
PA data [5,6] (which show prevalence of regular MVPA
ranging from 24 % – 40 %). The findings indicate that a
limited number of African Americans are engaging in the
recommended amounts of regular MVPA, and these inad-
equate levels of PA are placing them at increased risk for
developing chronic disease. These multiple sources of PA
data should serve as an impetus for developing theoretically
sound interventions to promote regular PA in this
population.
There are some limitations to the current study which
should be taken into account when interpreting the find-
ings. Only 270 of 480 (56 %) participants were included
in the final analyses, and only 28 % (133 of 480) of the
total DPASS sample provided data at all required DPASS
assessment visits. Therefore, only a third of the partici-
pants fully complied with the study requirements. The
compliant participants were more active and their activ-
ity was more stable than the rest of the participants, and
therefore, the number of steps/day data may not be
generalizable to the entire JHS sample. However, the data
show that steps/day are reasonably stable across time re-
gardless of whether participants had two or three assess-
ment occasions. Furthermore, the mean steps/day for
participants who completed one and two valid assess-
ments were not significantly different from one another,
thus the stability is likely similar between them. Another
limitation is that although the use of pedometry provided
an objective measure of activity, pedometers are not
designed to detect intensity nor type of activity. In
addition, the thresholds distinguishing stability vs. in-
stability used herein were based on dividing the partici-
pants into steps/day quartiles. Ideally, the threshold
would have been set at the level of PA consistent with
the current recommendations of 150 minutes per week
(>7,000 steps/day) [40], however, too few individuals
met this criteria (31.1 %).
Conclusions
We used pedometers to track PA in African Americans
enrolled in the JHS DPASS substudy. The findings are
important because they suggest that a single 3-day moni-
toring period provides sufficient data for reliable estima-
tion of PA over the course of 4 – 6 months in African
Americans. In other words, researchers can choose any
3-day assessment occasion and can be confident that it
represents habitual PA for this sample. These estimates
appear to be robust to differences in sex, age, and BMI.The findings from the current study suggest that the JHS
steps/day data are reasonably stable across time and ac-
curately reflect habitual PA in this population. This is
significant because it provides the basis for future studies
to confidently assess the relationship between objectively
measured habitual PA and health outcomes in the JHS,
one of the most comprehensive epidemiological studies
of cardiovascular disease in African American adults to
date.
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